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(57) ABSTRACT 

The present invention describes novel metal complexes With 
bipolar ligands. Compounds of this type can be employed as 
functional materials in a number of different applications 
Which can be ascribed to the electronics industry in the 
broadest sense. 



US 2007/0082284 A1 

METAL COMPLEXES WITH BIPODAL LIGANDS 

[0001] Chelate complexes and organometallic compounds 
Will be used in the near future as functional materials in a 
number of different applications Which can be ascribed to the 
electronics industry in the broadest sense. In the case of 
organic electroluminescent devices based on organic com 
ponents (general description of the construction cf. US. Pat. 
No. 4,539,507 and US. Pat. No. 5,151,629), and individual 
components thereof, organic light-emitting diodes (OLEDs), 
the market introduction has already taken place, as con 
?rmed by the automobile radios and digital cameras With an 
“organic display” from the Pioneer and Kodak companies. 
Further products of this type are just about to be introduced. 
In spite of everything, signi?cant improvements are still 
necessary here in order to make these displays a true 
competitor to the liquid-crystal displays (LCDs) Which 
currently dominate the market. 

[0002] A development in this respect is the improvement 
of electron-transport materials and blue singlet emitters 
based on metal chelate complexes, With aluminium and 
lanthanum chelate complexes being of particular interest 
here. 

[0003] A further development that has emerged in recent 
years is the use of organometallic complexes Which exhibit 
phosphorescence instead of ?uorescence (M. A. Baldo, S. 
Lamansky, P. E. Burrows, M. E. Thompson, S. R. Forrest, 
Appl. Phys. Lett., 1999, 75, 4-6). For theoretical spin 
statistical reasons, an up to four-fold energy and poWer 
e?iciency is possible using organometallic compounds as 
phosphorescence emitters. Whether this development Will 
succeed depends on Whether it is possible to ?nd corre 
sponding device compositions Which are also able to imple 
ment these advantages (triplet emission=phosphorescence 
compared With singlet emission=?uorescence) in the 
OLEDs. Essential conditions for practical application Which 
may be mentioned here are, in particular, a long lifetime, 
high stability to heating and a loW use and operating voltage 
in order to enable mobile applications. 

[0004] In both cases, e?icient chemical access to the 
corresponding chelate complexes or organometallic com 
pounds must be possible. HoWever, this is of particular 
interest against the background of scarcity of the noble 
metals ruthenium, osmium, rhodium, iridium, palladium, 
platinum and gold. 

[0005] To date, tWo basic types of construction of OLEDs, 
Which comprise ?uorescence or phosphorescence emitters 
as colouring components, Which dilfer in their layer struc 
ture, have been described in the literature. These OLED 
types are described in detail, for example, in WO 04/058911. 

[0006] The characteristic data of the OLEDs in accordance 
With the prior art exhibit, inter alia, the folloWing Weak 
points: 

[0007] 1. The lifetime is in most cases still much too short, 
Which stands in the Way of market introduction of OLEDs 
With a long life. 

[0008] 2. It is evident from the e?iciency/brightness 
curves that the e?iciency frequently drops considerably 
With increasing brightness. This means that the great 
brightnesses that are necessary in practice can only be 
achieved by high poWer consumption. HoWever, large 
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poWer consumptions require high battery poWers of por 
table equipment (mobile phones, laptops, etc.). In addi 
tion, the large poWer consumption, Which is for the most 
part converted into heat, may result in thermal damage to 
the display. 

[0009] In the OLED device explained above, the above 
mentioned functional materials have been or are being 
intensively optimised. 
[0010] For some time, metal complexes have been 
employed as ETM (electron-transport material) (for 
example AlQ}, C. W. Tang et al., Applied Phys. Lett., 1987, 
51(12), 913; ZnQ2, S.-J. Jung et al., J. Korean Electrochemi 
cal Society, 2000, 3(1), 1), as HBM (hole-blocking material) 
(for example BiAlQ3, R. KWong et al., Applied Physics 
Letters, 2002, 81(1), 162), as matrix material in the EML 
(emission layer) (for example BiAlQ3, C. H. Chen et al., 
Proceedings of SPIEiThe International Society for Optical 
Engineering, 1998, 3421, 78), as singlet emitter (for 
example AlQ3, ZnQ2 and other complexes, S. Tokito et al., 
Synthetic Metals, 2000, 111-112, 393) and as triplet emitter 
(for example Ir(PPy)3, WO 00/70655; for example Ir(TPy)3 
and Ir(BTPy)3, S. Okada et al., Proceedings of the SID, 
2002, 52.2, 1360). Triplet emitters based on platinum com 
plexes have likeWise been knoWn for some time, With 
complexes of tetradentate macrocyclic ligands (for example 
PtOEP, L. R. Milgrom, Polyhedron, 1988, 7(1), 57; M. A. 
Baldo, Nature, 1998, 395(6698), 151-154) also being knoWn 
besides complexes of bidentate ligands (for example Brooks 
et al., Inorg. Chem, 2002, 41, 3055-3066). These complexes 
of divalent platinum (d8 con?guration) have, like the major 
ity of platinum(II) complexes, a planar or virtually planar 
structure. In solids, these planar complex units aggregate in 
such a Way that strong and frequently cooperative ligand 
ligand, metal-metal or ligand-metal interactions occur. 

[0011] Besides the individual Weak points that are speci?c 
to each molecule, the class of the knoWn metal complexes 
has general Weak points, Which are described brie?y beloW: 

[0012] 1. Many of the knoWn metal complexes, in par 
ticular those Which contain main-group metals, such as 
aluminium, or transition metals having the d10 con?gu 
ration, such as Zinc, have a sometimes considerable 
hydrolysis sensitivity, Which can be so pronounced that 
the metal complex is signi?cantly decomposed even after 
brief exposure to air. 

[0013] Others, by contrast, such as, for example, the 
AlQ3 and ZnQ2 used as electron-transport material, tend 
to adduct Water. 

[0014] The high hygroscopicity of these and similar 
aluminium and Zinc complexes is a crucial practical 
disadvantage. AlQ3, Which is synthesised and stored 
under normal conditions, alWays also contains one 
molecule of Water per complex molecule in addition to 
the hydroxyquinoline ligands (cf., for example: H. 
Schmidbaur et al., Z. Naturforsch., 1991, 46b, 901 
911). This Water is extremely di?icult to remove. For 
use in OLEDs, AlQ3 and ZnQ2 therefore have to be 
subjected to complex puri?cation in complicated, mul 
tistep sublimation processes and subsequently stored 
and handled under a protective-gas atmosphere With 
exclusion of Water. Furthermore, large variations in the 
quality of individual AlQ3 batches and poor storage 
stability have been observed (S. Karg, E-MRS Confer 
ence, 2000, Strasburg). 
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[0015] 2. Many of the known metal complexes have loW 
thermal stability. During vacuum deposition, this inevi 
tably always results in the liberation of organic pyrolysis 
products, Which in some cases, even in small amounts, 
considerably shorten the lifetime of the OLEDs (for 
example: R. G. Charles, J. Inorg. Nucl. Chem., 1963, 25, 
45; via the thermal stability of MQZ). 

[0016] 3. The strong interaction of the complex units in 
solids, in particular in the case of planar complexes of d8 
metals, such as platinum(ll), likeWise causes aggregation 
of the complex units in the emitter layer if the degree of 
doping exceeds about 0.1%, Which is the case in accor 
dance With the current state of the art. This aggregation 
results in the formation of so-called excimers or exci 
plexes on excitation (optical or electric). These aggregates 
frequently have an unstructured, broad emission band, 
Which makes the production of pure basic colours (RGB) 
considerably more di?icult or completely impossible. In 
general, the ef?ciency for this transition also drops. 

[0017] 4. In addition, it is evident from the above that the 
emission colour is highly dependent on the degree of 
doping, a parameter Which can only be controlled pre 
cisely With considerable technical effort, in particular in 
large production plants. 

[0018] There Was therefore a demand for alternative com 
pounds Which do not have the above-mentioned Weak 
points. 

[0019] Surprisingly, it has been found that metal com 
plexes of tetradentate chelating, non-macrocyclic ligands 
have excellent properties on use as electron-transport mate 
rial, as hole-blocking material, as matrix material in the EL, 
as singlet emitter or as triplet emitter, With the respective, 
speci?c function being determined by a suitable choice of 
the metal and the suitable associated ligand. This class of 
metal complexes and the use thereof as functional materials 
in opto-electronic components is novel and has not been 
described in the literature to date, but their ef?cient prepa 
ration and availability as pure substance is of great impor 
tance for this. 

[0020] The present invention thus relates to compounds of 
structure 1 

Structure 1 

characterised in that they contain a metal Met, coordinated 
to a tetradentate chelating ligand Lig of structure 2 

Structure 2 

Where V is a bridging unit, characterised in that it contains 
1 to 40 atoms from the third, fourth, ?fth and/or sixth main 
group and connects the tWo ligand moieties L1 and L2, 
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Which may be identical or different on each occurrence, 
covalently to one another, and Where the tWo ligand moieties 
L1 and L2 satisfy structure 3 

Structure 3 
Cyl 

L1, L2 I | 
Cy2 

Where Cyl and Cy2, identically or differently on each 
occurrence, each correspond to a substituted or unsubsti 
tuted, saturated, unsaturated or aromatic homo- or hetero 
cyclic ring, preferably an aromatic ring, Which is in each 
case bonded ionically, covalently or coordinatively to the 
metal (Met) via a ring atom or via an atom bonded exocy 
clically to the homo- or heterocyclic ring; 

and Where L3, identically or differently on each occurrence, 
is a mono- or bidentate, neutral or monoanionic ligand, and 
Where a is 0, l or 2. 

[0021] The bridge V is characterised in that it promotes the 
formation of mononuclear metal complexes of structure 1, 
and the formation of coordination polymers does not occur 
or only occurs to a minor extent on reaction of the ligand of 
structure 2 With metal compounds. 

[0022] The homo- or heterocyclic rings Cyl and Cy2 may 
also additionally be linked to one another via substituents 
and thus de?ne a polycyclic, aliphatic or aromatic ring 
system. They may likeWise be linked to one another via a 
common edge instead of via a single bond. 

[0023] Preference is given to compounds of structure 1 
according to the invention Which are characterised in that 
they are electrically neutral. 

[0024] Preference is given to compounds of structure 1 
according to the invention Which are characterised in that 
Ll=L2. 

[0025] Preference is furthermore given to compounds of 
structure 1 according to the invention Which are character 
ised in that Cyl is not identical to Cy2. One of the tWo rings 
here preferably bonds via a metal-carbon bond and the other 
via a donor atom other than carbon, particularly preferably 
via N, P or S. 

[0026] Preference is given to compounds of structure 1 
according to the invention Which are characterised in that the 
bridging unit V contains 1 to 40 atoms from the third, fourth, 
?fth and/or sixth main group (group l3, l4, 15 or 16 
according to IUPAC) or is a 3- to 6-membered homo- or 
heterocyclic ring. These form the skeleton of the bridging 
unit. Particular preference is given to compounds of struc 
ture 1 Which are characterised in that the linking unit V 
contains 1 to 6 bridging atoms or is a 3- to 6-membered 
homo- or heterocyclic ring. The bridging unit V here may 
also have an asymmetrical structure, i.e. the linking of V to 
L1 and L2 need not be identical. 

[0027] Particular preference is given to linking units V in 
which: 

[0028] v is BRl, i(CR2)RlB(CR2)i, ADiRIBADi, 
ioiarlomwi, %R2OiRlBiOCR2i, 
i(CR2CR2)R1B(CR2CR2)i, c=o, c=NR1, c=s, 
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i(CR2)R1N(CR2)i, i(CR2CR2)RlN(CR2CR2)i, FP, 
FPO, RIP, RIAS, Rlsb, RlBi, RlPO, RlAsO, Rlsbo, 
RlBiO, RlPSe, RlAsSe, RlSbSe, RIBiSe, RlPTe, 
RlAsTe, RISbTe, RlBiTe, ADiRIPOADi, 
wimlowowi, %R2OiR1POA)CR2i, 
ADCRZiRIPOiCRZOi, o, s, Se, 
*<CR2)0(CR2)< *(CRMCRZP, 
i(CR2)(O)S(CR2)i or i(CR2)(O)2S(CR2)i or corre 
sponding asymmetrical analogues; 

[0029] R is, identically or di?‘erently on each occurrence, 
H, F, Cl, Br, 1, N02, CN, a straight-chain, branched or 
cyclic alkyl or alkoxy group having 1 to 20 C atoms, 
Where one or more non-adjacent CH2 groups may be 
replaced by iR1C=CRli, iCECi, Si(R1)2, Ge(Rl)2, 
Sn(Rl)2, C=O, C=S, C=Se, C=NRl, ADi, iSi, 
iNRli or 4CONR1i and Where one or more H atoms 

may be replaced by F, or an aryl, aryloxy or heteroaryl 
group having 1 to 14 C atoms, Which may be substituted 
by one or more non-aromatic radicals R, Where a plurality 
of substituents R may in turn de?ne a further mono- or 
polycyclic, aliphatic or aromatic ring system; and 

[0030] R1, R2 are, identically or di?‘erently on each occur 
rence, H or an aliphatic or aromatic hydrocarbon radical 
having 1 to 20 C atoms. 

[0031] Particular preference is given to metal complexes 
as per compounds (1) to (8) according to scheme 1, each of 
Which may also carry one or tWo additional ligands L3, as 
described above. 

Scheme 1: 

Compounds (1) 
Z\_ X _ 

/T / X 
M/ \ 

\<Y>C / |>|< 
\ X 
\X/ 

_ _ 2 

Compounds (2) 
Z\— — 

-continued 
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Compounds (3) 

Compounds (4) 

Compounds (5) 

Compounds (6) 

Compounds (7) 

Compounds (8) 
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Where R, R1 and R2 have the same meaning as described 
above, and the other symbols and indices have the following 
meaning: 

[0032] M is Be, Mg, Ca, Sr, Ba, Al, Ga, In, Tl, Sc, Y, La, 
Cr, Mo, W, Fe, Ru, Os, Co, Rh, lr, Ni, Pd, Pt, Cu, Ag, Au, 
Zn, Cd or Hg; 

[0033] L is, identically or differently on each occurrence, 
C, N or P; 

[0034] Q is, identically or differently on each occurrence, 
N, O, S, Se or Te; 

[0035] T is, identically or differently on each occurrence, 
N or P; 

[0036] X is, identically or differently on each occurrence, 
CR, N or P; 

[0037] Y is, identically or differently on each occurrence, 
NR1, O, S, Se, Te, SO, SeO, TeO, S02, SeO2 or TeO2; 

[0038] Z has the same meaning as described above for V; 

[0039] c is, identically or differently on each occurrence, 
0 or 1. 

[0040] In addition, preference is likeWise given to com 
pounds (9) to (12) according to scheme 2, each of Which may 
also carry one or tWo additional ligands L3, as described 
above. 

Scheme 2: 

Compounds (9) 

Compounds (10) 
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-continued 

Compounds (1 2) 

(Y). Q X 

\M/ / 

X\/ /Q/ \oo. / /Y 
X = X X = X 

Where the symbols and indices M, L, Q, T, X, Y, Z, R, R1, 
R2 and c have the meaning indicated above. 

[0041] The invention furthermore relates to compounds 
Which simultaneously have ligands of the type as for com 
pounds (l), (2), (3) and/or (4), i.e. mixed ligand systems. 
These are described by the formulae (13) to (30)iaccording 
to Scheme 3ieach of Which may also carry one or tWo 

additional ligands L3, as described above: 

S cheme 3 : 

Compounds (13) 

Compounds (14) 
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-c0ntinued 
Compounds (22) 

-continued 
Compounds (16) 

Compounds (23) 

Compounds (24) Compounds (18) 
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-continued 
Compounds (28) 

/ Z\ X: L L=X 

/ \ / \ 
X 

X\ memo/Y 

Compounds (3 0) 

where the symbols and indices M, L, Q, T, X, Y, Z, R, R1, 
R2 and c have the meaning indicated above. 

[0042] The compounds of structure 1 or compounds (1) to 
(30) may optionally carry further mono- or multidentate, 
cationic, neutral or anionic ligands, as already described 
above. These are described by ligand L3. 

[0043] Preference is given to compounds of structure 1 or 
compounds (1) to (30) which are characterised in that ligand 
L3, if present, is a bidentate chelating ligand. 

[0044] In a preferred embodiment of the invention, L3 is 
a monoanionic ligand which is identical to or different from 
ligand moieties L1 and L2. 

[0045] In a further preferred embodiment of the invention, 
L3 is a ligand of structure (4) 

Structure (4) 

R3 

where R3, identically or differently on each occurrence, 
represents H, a C1 to C20 alkyl group, a C1 to C20 alkoxy 
group, a C4 to C20 aryl or heteroaryl group or a C4 to C20 
aryloxy or heteroaryloxy group, and one or more H atoms 
may be replaced by F. 
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[0046] Preference is given to compounds (1) to (30) 
according to the invention in which the symbol M=Be, Mg, 
Pt or Zn, and the index a=0. 

[0047] Particular preference is given to compounds (1) to 
(30) according to the invention in which c=0 and M=Pt. 

[0048] Preference is furthermore given to compounds (1) 
to (30) according to the invention in which the symbol 
M=Rh or Ir, particularly preferably M=Ir, and the index a=1 
in the case of a bidentate, monoanionic ligand L3 or a=2 in 
the case of a monodentate monoanionic ligand L3. 

[0049] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol L=C or 
N, particularly preferably L=C. 

[0050] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol Q=O or 
S. 

[0051] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol T=N. 

[0052] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol X=CR 
or N. 

[0053] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol Z=BRl, 
CR2, CO, SiRl2, RlN, FP, FPO, RlP, RlPO, %R2CR2i, 
%R2%)*CR2*, AD*(ORI)PO*O*, cis-CR=CR, 
%R2iBRl%R2i, %R2iCO%R2i, %R2i 
CRziCRzi or %R2iNRl%R2. 

[0054] Preference is likewise given to compounds (1) to 
(30) according to the invention in which the symbol R=H, 
F, Cl, Br, I, CN, a straight-chain, branched or cyclic alkyl or 
alkoxy group having 1 to 6 C atoms or an aryl or heteroaryl 
group having 3 to 10 C atoms, which may be substituted by 
one or more non-aromatic radicals R, where a plurality of 
substituents R, both on the same ring and also on the two 
different rings, may together in turn de?ne a further mono 
or polycyclic, aliphatic or aromatic ring system. 

[0055] In compounds (1) to (30), the radicals R may de?ne 
aliphatic, ole?nic or aromatic ring systems. 

[0056] If the radicals R de?ne aromatic ring systems in 
compounds (1) to (30), these are preferably benZene, 1- or 
2-naphthalene, 1-, 2- or 9-anthracene, 2-, 3- or 4-pyridine, 
2-, 4- or 5-pyrimidine, 2-pyraZine, 3- or 4-pyridaZine, tri 
aZine, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinoline, 2- or 3-pyrrole, 3-, 
4-, 5-pyraZole, 2-, 4-, 5-imidaZole, 2-, 3-thiophene, 2-, 
3-selenophene, 2- or 3-furan, 2-(1,3,4-oxadiaZole), indole or 
carbaZole. 

[0057] The compounds according to the invention are 
distinguished by the following general properties: 

[0058] 1. The compounds according to the invention-in 
contrast to many known metal complexes which undergo 
partial or complete pyrolytic decomposition on sublima 
tionihave high thermal stability. This applies in particu 
lar to the platinum and iridium complexes according to 
the invention with tetradentate chelating ligands which, 
besides dative coordination via a hetero atom, also con 
tain at least one aryl carbon-platinum or -iridium bond. 
The high stability of the compounds according to the 
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invention results in a signi?cant increase in the lifetime on 
use in corresponding devices. 

[0059] 2. The compounds according to the invention have 
no evident hydrolysis or hygroscopicity. Storage for a 
number of days or Weeks With ingress of air and Water 
vapour does not result in any changes to the substances. 
The adduction of Water onto the compounds could not be 
detected. This has the advantage that the substances can 
be puri?ed, transported, stored and prepared for use under 
simpler conditions. 

[0060] 3. The compounds according to the inventioni 
employed as electron-transport material in electrolumi 
nescent devicesiresult in high ef?ciencies therein, in 
particular independently of the current densities used. 
Very good e?iciencies are thus also achieved in the case 
of high current densities, i.e. high brightnesses. 

[0061] 4. The compounds according to the inventioni 
employed as hole-blocking material in electroluminescent 
devicesiresult in high ef?ciencies therein, in particular 
independently of the current densities used. Very good 
ef?ciencies are thus also achieved in the case of high 
current densities. In addition, the materials according to 
the invention are stable to holes, Which is not the case to 
an adequate extent in the case of other metal complexes, 
for example AlQ3 and analogous compounds (Z. Popovic 
et al., Proceedings of SPIE, 1999, 3797, 310-315). 

[0062] 5. The compounds according to the inventioni 
employed in electroluminescent devices as emission 
material in pure form or as emission material doped into 
a matrix material or as matrix material in combination 

With a dopantiresult in high e?iciencies, With the elec 
troluminescent devices being distinguished by steep cur 
rent/voltage curves and particularly by long operating 
service lives. 

[0063] 6. The compounds according to the invention are 
shaped by the structural de?nitions in such a Way that they 
are non-planar and thus aggregation With formation of 
strong metal-metal, metal-ligand or ligand-ligand inter 
actions is suppressed. 

[0064] 7. Suppression of the aggregation of these com 
pounds results ?rstly in narroW emission bands and thus 
purer emission colours. Secondly, the emission colour is 
independent of the degree of doping over broad ranges, 
Which is a major advantage for industrial applications. 

[0065] 8. Without Wishing to be tied to a particular theory, 
the rigid structure of the compounds according to the 
invention is conducive to high quantum ef?ciencies of the 
emission transitions. 

[0066] 9. The compounds according to the invention can 
be prepared in a readily reproducible manner in reliably 
high purity and have no batch variations. 

[0067] 10. The compounds according to the invention in 
some cases have excellent solubility in organic solvents, 
it being possible for the solubility to be customised 
through a suitable choice of the substitution pattern, for 
example by introduction of branched alkyl chains into 
bridge V or Z. These materials can thus also be processed 
from solution by coating or printing techniques. Even in 
the case of conventional processing by evaporation, this 
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property is advantageous since cleaning of the plants or 
shadoW masks employed by Washing is thus considerably 
simpli?ed. 

[0068] The present invention likeWise relates to com 
pounds (31) to (60) according to scheme 4: 

SchemeA 

Compounds (31) 
Z _ 

X% 

T /X 

H 

(Y). / if 
X \ \X/ 
_Z 

Compounds (32) 
Z X _ 

| 7X 
T /X 

H 
(Y)c / Y 

_ / 
X—X 

Compounds (33) 
Z _ 

L=X 

/ \X 
Q / 

H 

(Y). / if 
X\ X 
\X/ 

_Z 

Compounds (34) 
Z _ 

L= 

/ \X 
Q / 

Compounds (35) 
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-continued -c0ntinued 
Z _ Compounds (3 6) Z Compounds (42) 

=X /X= / \L=X\ \ 

H 

T \ X X / Q H—(Y)c / Y 
H | \ _ / / 
X\ éX X—X X—X 

X _ 2 Compounds (43) 

Compounds (3 7) X 

Compounds (40) Compounds (46) 

Compounds (41) Compounds (47) 



US 2007/0082284 A1 

Compounds (48) 

Compounds (49) 

Compounds (5 0) 

Compounds (5 1) 

Compounds (5 2) 

Compounds (53) 
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Compounds (54) 

Compounds (55) 

Compounds (5 6) 

Compounds (5 7) 

Compounds (5 8) 

Compounds (5 9) 
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-continued 

Compounds (60) 

Where the symbols and indices Q, L, T, X, Y, Z, R, R1, R2 
and c have the meaning indicated above, apart from the 
compounds bis(6-phenyl-2-pyridyl)methane [CAS 362602 
93-5], bis(6-phenyl-2-pyridyl)ketone [CAS 217177-35-0], 
bis (6 -(1 -hydroxy-3 ,5 -di -tert-butyl)phenyl -2 -pyridyl)metha 
nol [CAS 367525-74-4], 2,2'-thiobis(3-cyano-2,4-diphe 
nyl)pyridine [CAS 160598-76-5], bis(6-(3-phenyl)phenyl 
2-pyridyl)methane [CAS 57476-80-9] and isomers [CAS 
57476-79-6]. 

[0069] The above compounds (31) to (60) have already 
been described in detail in structure 2 

Structure 2 

and folloW the same concept (V=Z). 

[0070] These compounds represent the ligands of the 
compounds of structure 1 according to the invention and are 
thus valuable intermediates on the route to these com 

pounds. 

[0071] Compounds (31) to (60) according to the invention 
can be prepared by common organic reactions, Which is 
con?rmed beloW With reference to a sufficient number of 

examples. Thus, compounds (31) can be obtained starting 
from di(6-bromo-2-pyridyl)ketone (WO 98/22148) by reac 
tion With aliphatic or aromatic lithium or Grignard reagents, 
giving a dipyridylmethanol. This can then be ?uorinated, 
chlorinated or brominated, for example by reaction With 
halogenating agents, such as diethylaminosulfur tri?uoride 
(DAST), thionyl chloride or phosphorus tribromide respec 
tively. Alkylation of the hydroxyl group With formation of an 
ether can likewise easily be carried out. Final Suzuki cou 

pling With arylboronic acids then gives the compounds (31). 
This reaction sequence is shoWn in scheme 5 With reference 

to a speci?c exampleimethylation, ?uorination, coupling 
With phenylboronic acidiand gives compound (31) Where 
c=0. 

Apr. 12, 2007 

Scheme 5: 

O 

\ I \ Me — MgCl 
4' 

/ N N / THP/J8 C. 

Br Br 

HO CH3 

\ I \ DAST 
—> 

/ N N / CHCl3/RT 

Br Br 

F CH3 B(oH)z 

\ \ 

[0072] An analogous reaction sequence using tetrahydro 
pyranyl-protected phenolboronic acids, Which can be pre 
pared from the corresponding bromophenols by protection 
using dihydropyran, subsequent Grignard reaction and reac 
tion With a boric acid ester, gives, after protecting group 
removal, compounds of type (31) Where c=1 (scheme 6). 

Scheme 6: 

H THP 
/ 0/ 

Br Br 

DHP 1) Mg/THF 
—> —> 

HPyTosO 2) B(OMe)3/THF 

THP 
0/ 
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THP 
O/ 

OH H0 

[0073] Compounds (32) to (38) can also be prepared in an 
analogous manner through the use of the corresponding 5 
and 6-membered heterocyclic compounds. 

[0074] Compounds of type (39) and (40) can be prepared, 
for example, in accordance With the reaction sequence 
shoWn in scheme 7 With reference to a speci?c example. It 
is of course also possible to obtain a multiplicity of further 
compounds here by Variation of the starting materials (aryl 
halides or boronic acids). 

Scheme 7: 

H 0 

Br Li 
\ \ 

/ N / N 
n-BuLi Br 
—> —> 

THF THF 

H OH 

\ 

/ N 
DAST 
—> 

Br 

Apr. 12, 2007 

-continued 

1) n-BuLi/THF 

2) B(OMe)3 
3) HAc/HZO 

Br 

[0075] Finally, it should be noted that compounds (41) to 
(60) are also accessible in an entirely analogous manner 

through the use of analogous reaction sequences. 

[0076] Starting from 2-lithio-6-phenylpyridine (Gros et 
al., J. Org. Chem., 2003, 68(5), 2028-2029) and analogues 
thereof, it is possible to prepare ligands according to the 
invention Which carry hetero atoms in bridge V or Z, it being 
possible to use electrophiles containing the hetero atom 
Which are suitable as further synthones. Suitable electro 

philes are, inter alia, dichloroarylboranes, dichloroalkyl- or 
-arylsilanes or dichloroaryl- or -alkylphosphines, as shoWn 

in scheme 8. 
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Scheme 8: 

Apr. 12, 2007 

L' ‘ Ei/ H3CSiCl2 I / N N\ I 

CIZPAQ 

[0077] Compounds (1) to (30) according to the invention 
can in principle be prepared by various processes; however, 
the novel processes described below have proven particu 
larly suitable. 

[0078] The present invention therefore furthermore relates 
to a process for the preparation of compounds (1) to (30) by 
reaction of the tetradentate chelating ligands as per com 
pounds (31) to (60) With metal alkoxides of compound (61), 
With metal ketoketonates of compound (62), metal halides, 
carboxylates, nitrates and sulfates of compound (63) and 
alkyl- or arylmetal compounds of compound (64), 

Compounds (61) 
M(oR1)n 

Compounds (62) 
R1 

O_ 

Aq— M / 
0 

R1 

-continued 
Compounds (63) 

MAn 
Compounds (64) 

(MW; 

Where the symbols M and R1 have the meaning indicated 
under scheme 1, and A=F, Cl, Br, I, OH, formate, acetate, 
propionate, benZoate, nitrate or sulfate, and L' is a mono 
dentate ligand from the group of the ethers, such as, for 
example, THF, the amines, such as, for example, trimethy 
lamine or pyridine, the phosphines, such as, for example, 
triphenylphosphine, or the sulfoxides, such as, for example, 
DMSO, and n=1, 2 or 3 and q=0, 1, 2 or 3, preferably 0, 1 
or 2. Compound (62) here may also be charged. If desired, 
LeWis acids, such as, for example, aluminium chloride or 
antimony penta?uoride or -chloride, or Bronsted bases, such 
as, for example, amines, or alkylating agents, such as, for 
example, organolithium or Grignard compounds, can be 
added as auxiliary agents. 

[0079] It may furthermore be advantageous to carry out 
the reaction in a number of individual steps for introduction 
of the individual ligands. Thus, for example, it may be 
preferred for the ligand Lig to be introduced ?rst and for the 
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complex also to comprise further auxiliary ligands (for 
example halides), Which are then replaced by a bidentate 
chelating ligand L3 in a further step. It is likeWise possible, 
for example, to introduce the ligand moieties L1 and L2 into 
the complex ?rst, and then to link them to the bridging unit 
V or Z in a subsequent step. 

[0080] Compounds (1) to (30) can thus be obtained in high 
purity, preferably >99% (determined by lH-NMR and/or 
HPLC). 

[0081] Inter alia, the examples of compounds (1) to (66) 
shoWn beloW can be prepared using the synthetic methods 
explained here. 

0 \\/ 
P 

| \ 

N / 

Be 

2 

Exarnplel 

O 
\\ 
P 

| \ 

N / 

Mg 
0 

2 

ExaInpleZ 

CH3 

P 

| \ 

N / 

Be 

0 

Example 3 
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| \ 
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| \ 

N / 

Be 

0 

2 

ExampleS 

F H 

| \ 

N / 

Zn 

0 

2 

Example6 

Br F 

| \ 

N / 

Zn 

0 

2 

Example7 
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F F 

\ F CH3 

N / 
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Zn I 
O N / 

Zn 

0 

Example 8 

2 

Example 12 
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N / 

Zn 

0 

F 

Example 9 

H3C F 

| \ 

N / 

Zn — 2 

0 Example 13 

Example 10 

H3C F Br 

\ I \ 

N / N / 

Zn Cu 

O 0 

Br 2 

Example 11 Example 14 
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CH3 H F 
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| \ I \ 
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0 0 

Example 15 Example 19 
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Si 
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Example 17 Example 21 
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Example 31 

Example 32 

Example 33 
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Example 35 

Example 36 

Example 37 
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Example 38 Example 41 
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Example 45 
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Example 52 






























